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ABSTRACT
This study surveyed the abundance and diversity of Phylum Tardigrada across
four different substrates: rock, log, live tree, and canopy, in Monteverde, Costa Rica.
Tardigrades are understudied micro-invertebrates that inhabit every biome on the planet.
I collected twenty-eight samples, or 140 subsamples, by hand, soaked them in water for a
minimum of four hours, and surveyed for tardigrades. I found and documented forty-five
tardigrades. Ninety-one percent of tardigrades found were Class Eutardigrada, while the
remaining nine percent were Class Heterotardigrada. Five genera were identified:
Echiniscus, Pseudechiniscus, Macrobiotus, Paramacrobiotus, and Minibiotus. The
canopy and live tree substrates produced equal abundance and diversity levels, each with
18 Eutardigrades and two Heterotardigrades. The log substrate had three tardigrades and
the rock substrate had only two, all Eutardigrada. Although the canopy and live tree
substrates yielded the same results, tardigrades found in the canopy were more
consistently found in all seven of the canopy samples. The tardigrades found on the live
tree substrate, however, were primarily found all in one sample. This may indicate that
tardigrade abundance is consistently higher in the canopy, but has a more patchy, random
distribution in live trees. In conclusion, tardigrades are abundant and diverse in the
canopy of the cloud forest in Monteverde, Costa Rica.
Abundancia y diversidad de tardígrados (Filo Tardigrada) en cuatro sustratos del
bosque nuboso en Monteverde, Costa Rica
RESUMEN
El presente estudio estimó la abundancia y diversidad del Filo Tardigrada en
cuatro sustratos: roca, tronco muerto, base de árbol vivo y dosel, en el bosque nuboso de
Monteverde, Costa Rica. Los tardígrados son un grupo de micro-invertebrados que
habitan en todos los bromas del planeta. Colecté 28 muestras a mano (siete por sustrato),
las cuales fueron sumergidas en agua por un mínimo de cuatro horas. Posteriormente
dividí cada muestra en cinco sub-muestras, y conté el número de tradígrados presentes en
la muestra. Conté un total de 45 individuos, de los cuales un 91% pertenecen a la Clase
Eutardigrada y un 9% a la Clase Heterotardigrada. Se encontraron cinco
géneros: Echiniscus, Pseudechiniscus, Macrobiotus,
Paramacrobiotus, and Minibiotus. Los sustratos con un mayor número de tardígrados
fueron base de árbol vivo y dosel, ambos con 18 individuos de la Clase Eutardigrada y
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dos individuos de la Clase Heterotardigrada. Los sustratos de roca y tronco
muerto presentaron únicamente individuos de la Clase Eutardigrada, con dos y tres
individuos respectivamente. A pesar de que los resultados del dosel y base de árbol vivo
fueron los mismos, en el dosel cada muestra presentó individuos, mientras que en árbol
vivo solamente dos. Esto parece indicar que la abundancia de tardígrados es
constantemente mayor, mientras que en la base le los árboles presenta una distribución en
parches. En conclusión, encontré que los tardígrados en Monteverde son más diversos y
abundantes en el dosel del bosque nuboso en Monteverde, Costa Rica.
Tardigrades are microscopic, aquatic animals more commonly referred to as
“water bears” or “moss piglets”. These bilaterally symmetrical micro-invertebrates have
five body segments; one cephalic segment and four trunk segments, all somewhat
indistinct (Miller 2004). Adults range from 0.2-0.5 mm long and have four pairs of
lobopodous legs terminating in claws or sucking disks (Northcote-Smith 2012). These
tiny organisms have a surprisingly complex anatomy and physiology. Like larger
animals, they have a full alimentary canal and digestive system, a dorsal brain atop a
paired ventral nervous system, well developed muscles, and separate sexes (Miller 2011).
Unlike larger animals, however, they lack respiratory and circulatory systems, and
instead use open hemocoel in their body cavity to circulate nutrients and gas to every cell
(Miller 1997).
There is relatively little information known about the invertebrate phylum
Tardigrada, although they inhabit every biotope on the planet from the Arctic tundra to
the driest of deserts to the high humidity of rain forests (Miller 1997). Although
tardigrades are found everywhere, they are strictly aquatic. The tardigrade species that
do not inhabit marine or freshwater environments are limno-terrestrial. Limno-terrestrial
is defined as being or inhabiting a moist terrestrial environment that is subject to
immersion and desiccation, as in leaf litter or between moss cushions. In this thin film of
water, there is a diverse micro world where tardigrades eat bacteria, algae, nematodes,
rotifers, as well as other tardigrades (Miller 2004).
Tardigrades are best known for how they have adapted to surviving extreme
environmental changes. Limno-terrestrial species have three basic states of being: an
active state where they eat, grow, and reproduce, an anoxybiotic state in response to lack
of oxygen, and a cryptobiotic state in response to desiccation (Miller 2011). Terrestrial
tardigrades can be found in bryophyte cushions, lichens, bark, leaf-litter, and soil, all of
which are quite susceptible to desiccation (Northcote-Smith 2012). According to
William R. Miller (2011), during cryptobiosis tardigrades lose up to 97% of their body
moisture and shrivel up into a structure one-third of its original size called a tun. In this
state, tardigrades can survive just about anything.
Four substrates consisting of rock, fallen log, living tree, and canopy, were chosen
for their accessibility and because they are often home to moss and lichen. One study
done by Sayre and Brunson (1971) determined relative frequency of tardigrades on
bryophytes and concluded that 61% were found on trees and 12.5% were found on rock.
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Other literature concludes that tardigrades do not have any preference for substrate, but a
preference for moisture level of the bryophyte. Glime (2013) speculates that this
moisture relationship might explain why mosses on rotten logs seem to have few
tardigrades, assuming that they exceed preferred moisture levels. A study done by Miller
in 2004 confirms a high abundance of tardigrades in the canopy.
Despite the fact that Costa Rica is known for its biodiversity and scientific
research, there have been very few studies done here about Phylum Tardigrada. I intend
to study the abundance and diversity of tardigrades here in Monteverde on four different
substrates: rock, fallen log, living tree, and canopy.
METHODS AND MATERIALS
My study site was the cloud forest surrounding the Estación Biológica in
Monteverde, Costa Rica, located at the highest point of the Tilarán mountain range,
between 1400 m and 1800 m above sea level. I collected twenty-eight moss and lichen
samples by hand from four substrates: rock, fallen log, live tree at breast height, and
canopy branches. I collected between the dates of 21 November 2016 through 2
December 2016. I defined one sample as a handful of moss, approximately ten grams. I
obtained canopy samples from freshly fallen branches that fell from the top layer of trees.
I placed samples in plastic bags where I recorded the substrate type, area, and date of
collection. Samples were then placed in mason jars and immersed in water for a
minimum of four hours (Miller 1997). Five subsamples of about two milliliters each
were extracted from each mason jar and placed in petri dishes with blackened bottoms.
Each subsample was thoroughly searched using a dissecting microscope at 30x
magnification with an LED light at a forty-five degree angle to the petri dish. I extracted
tardigrades with a thin glass pipette and placed them on a slide to be observed and
identified under a compound microscope. I took pictures and videos of each tardigrade.
Some pictures were sent to a tardigrade taxonomic specialist, William R. Miller, for
genera and specie level identification.
RESULTS
A total of 45 individual tardigrades were found out of 140 subsamples. The rock
substrate had the lowest number of water bears, yielding only five percent of total
tardigrades found. Only two tardigrades of Class Eutardigrada were found from the rock
samples (Fig. 1). The log samples produced three total tardigrades, seven percent of the
total, all Class Eutardigrada (Fig. 1). The live tree and canopy samples surprisingly
produced the exact same results, each with 44% of the total number of tardigrades found.
Both had 20 tardigrades, 18 of which were Eutardigrada, two of which were
Heterotardigrada (Fig. 1). Therefore, of the 45 total tardigrades, 41 were Eutardigrada
and only four were Heterotardigrada. Five genera were identified. The two
Heterotardigrada genera identified were Echiniscus and Pseudechiniscus (Table 1, Fig.
3). Macrobiotus, Paramacrobiotus, and Minibiotus were the three Eutartigrada genera
described (Table 1, Fig. 2). All five genera were found in both canopy and live tree
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samples, while only Macrobiotus and Paramacrobiotus were found on rock and log
substrates.

Figure 1. Tardigrade abundance found in 28 samples across four different substrates.
Also compares tardigrade diversity between two classes: Eutardigrada and
Heterotardigrada
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Figure 2: Eutardigrades found during November 2016 in the Monteverde cloud forest.
A.) Minibiotus sp. B.) Macrobiotus sp. C.) Paramacrobiotus sp. D.) Macrobiotus
hufelandi E.) Paramacrobiotus sp. F.) Macrobiotus sp. G.) Macrobiotus sp. H.)
Paramacrobiotus sp. I.) Paramacrobiotus sp.
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Figure 3: Heterotardigrades found in November 2016 in the Monteverde cloud forest. A.)
Echiniscus sp. B.) Pseudeschiniscus sp. C.) Pseudeschiniscus sp
Table 1. Diversity of tardigrade genera found in all 28 samples. Only 13 tardigrades
found could be identified to genera level.
Genera

Number Identified

Paramacrobiotus

4

Minibiotus

2

Echiniscus

1

Macrobiotus

4

Pseudechiniscus

2

DISCUSSION
It is evident that tardigrade abundance was remarkably higher on live tree and
canopy substrates compared to rock and fallen log substrates. Although there is no
published literature directly supporting these findings, there have been studies on
tardigrade ecology that may offer some insight as to why tardigrades were much more
abundant in the canopy and on live trees. According to a study done by Chang and
collaborators in 2015, there was a statistically significant increase in tardigrade density
with increased height ascending into the canopy. Another study done by Miller in 2004
speculates that tardigrades are picked up by wind in their cryptobiotic tun and dispersed
across the world, settling wherever wind runs out, often over a forest. These two studies
support the high abundance of the canopy results but provide no insight to the live tree
samples’ equal abundance and diversity. Extrapolating off of the wind dispersal
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hypothesis, it is possible that tardigrades fall and descend from the canopy into lower
strata of the trees, presumably living trees.
However, it is also possible that the relative abundance of tardigrades was not
correlated to the type of substrate it was found on, but the individual substrate it was
taken from. For example, of the 20 tardigrades found on live trees (Fig. 1), 16 came from
sample A20. The lack of equal distribution across all live tree samples could indicate that
tardigrades are not necessarily abundant on all live trees, but that that sample was rich in
tardigrades by chance. In contrast, the canopy samples more consistently contained
tardigrades; five out of the seven samples contained at least one tardigrade, and two
samples contained seven or more. The live tree sample’s pattern is supported by a study
done by Meyer (2006) that concludes that tardigrades have a very patchy distribution,
while the canopy sample’s pattern is supported by Miller’s 2004 study that corroborates
the high abundance of water bears in the canopy.
An extensive study by Kaczmarek (2011) on the ecological factors determining
tardigrade distribution in Costa Rica discovered that, of all analyzed factors, substrate had
the weakest influence on tardigrade distribution. Although comprehensive, this study did
not investigate local differences in altitude, thereby excluding the canopy. Therefore, it
can be said that the results of my study reflect a conglomerate of the conclusions reached
by aforementioned tardigrade literature. The high abundance and diversity of the canopy
is substantiated by Chang and collaborators (2015) and Miller (2004), while the high
abundance and diversity of the live tree samples can be considered somewhat of a fluke,
or due to high variation and patchy distribution, discussed in Meyer (2006). In addition,
the low abundance and diversities of the rock and log substrates can be explained by the
conclusions reached in Kaczmarek (2011) as well as Meyer (2006) that state tardigrade
distribution does not rely on substrate type, and that their distribution is patchy,
respectively.
Although tardigrades are ubiquitous around the world, there are some places
where they appear to be more prevalent. The canopy of the cloud forest in Monteverde,
Costa Rica is abundant and diverse in Phylum Tardigrada. Tardigrades do also inhabit
bryophyte cushions on other substrates in the cloud forest, but their distribution is uneven
and inconsistent. One thing is certain, however: there is much more work to be done in
understanding Phylum Tardigrada. Despite their overall abundance and worldwide
distribution, little is known regarding their ecological requirements and the phylum’s
contribution to the biodiversity of the world. For example, eighty percent of described
species are Eutardigrades (Miller, 1997). Is this percentage reflective of the phylum as a
whole, or just a result of studies being concentrated in terrestrial mosses and lichens?
What is the role of tardigrades in the micro ecosystems they inhabit? How do
interspecific interactions affect their daily lives? Further research options are endless,
and it is important that we continue to explore the world of these tiny water bears.
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